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/ STEREOSCOPIC TELESCOPE WITH CAMERA 

: ' " " FIELD OF THE INVENTION 

The present invention is directed generally to stereoscopic devices and specifically 
to a stereoscopic telescope. 

5 BACKGROUND OF THE INVENTION 

Stereoscopic optical devices are becoming increasingly important not only to 
consumers but also to professionals in a broad variety of applications. By way of example, 
in still photography and video stereoscopic images are generally considered as a highly 
desirable alternative to two-dimensional images. 

10 111 designing a stereoscopic optical device, such as a still camera and/or video 

recorder, there are a number of important considerations. First, the device should produce 
a stereoscopic image of high quality. Second, the device should permit the user to visually 
preview the image(s) being acquired by the device. This feature would help the operator to 
aim the device for more accurate image acquisition. Finally, the device should be capable 

1 5 of acquiring images of objects having a greater diameter than the lens diameter of the device. 
Otherwise optical losses would detrimentally impact image quality. 

SUMMARY OF THE INVENTION 
These and other design considerations are addressed by the present invention. 
Generally, the optical device of the present invention projects one portion of the image 
20 radiation onto one or more imaging devices and another portion of the image radiation onto 
one or more oculars for two- or three-dimensional viewing by a user. "Image radiation" 
refers to radiation that has contacted the object and therefore contains image information 
describing the object. Image radiation is typically light that has been reflected by the object. 
In this manner, the user is able to preview the object being imaged by the imaging device 
25 (i.e., during image acquisition) and adjust the orientation of the optical device as desired for 
a more desirable image. The optical device can be in any number of configurations, such as 
a single lens reflex camera, a single lens telescope, and a single lens telephoto video camera. 
In one embodiment, the optical device of the present invention includes: 
(a) one or more first lenses to project radiation along a first optical path; 
J0 (b) at least a first dividing surface for dividing the projected radiation into first 

and second radiation portions; 
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(c) at least a second dividing surface for dividing the first radiation portion into 
first and second radiation segments; 

-I v.Vr. W ^.'"i »"'" f "^** •"■ - 

(d) one or more second lenses for focusing the first radiation segment on an 
imaging surface, the imaging surface being a part of an image acquisition device; and 

(e) one or more third lenses for focusing the second radiation-segment for viewing 
by a user. Depending on the configuration of the device, the user can see a two- or three- 
dimensional image of the object. 

The first lens(es) can be any suitable leins for gathering image radiatiqn and,.projecting 
the gathered radiation along a selected optical path. The first lens(es) can thus be any T type 
focal length lens. For example, the first lens(es)can be reflector telescope, ,lens(es), 
refractor telescope lens(es), Schmidt-Cassegpnn telescope lens(es), telescopic periscope 
lens(es), telephoto lens(es), zoom telephoto lens(es), long focal length surveillance lensfes) 
and other optical classes of telescopic lenses. 

The first dividing surface is typically one or more of a reflective surface, a refractive 
surface, an encoder that causes each of the first .and second radiation portions to have, a 
different characteristic (e.g., intensity, pliase, wavelength distribution, polarization 
orientation, color, and/or frequency. In one configuration, the first optical path is transverse 
to the second and third optical paths and the second and third optical paths are in differing 
locations. Specific examples of dividing surfaces used in this configuration include a mirror 
(e.g., a partially silvered mirror, a pair of transversely oriented mirrors, etc.) , a, prism, and/or 
a beam splitter. In one configuration, the first optical path is transverse to only one of the 
second and third optical paths. Specific examples of dividing devices used in this 
configuration include at least two plane polarizers having differing polarization orientations, 
at least two circular polarizers having differing handedness, at least two color filters passing 
25 differing wavelength bands, at least two (mechanically or opti-electrical) shutters passing 
radiation at differing intervals, and a retarder covering only a portion of the first optical path. 
A pair of shutters in some applications is not preferred because the switching speed may be 
too low to produce a high quality stereoscopic image, particularly when the object being 
imaged is moving or changing shape. 

The second dividing surface is typically a reflective or refractive surface that directs 
the first and second portions of the first radiation along selected optical paths. In one 
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configuration, the second dividing surface is one or more of a beam splitter, a prism, front 
silvered mirrors, and/or rear silvered mirrors. 

The second arid/of third lenses can be any suitable lens or lens system that can project 
and/or focus the respective portion of the Tmag£ radiation on the desired surface (which can 
be the im'a^frig 1 stirfc ace or the user's eye): In one configuration, the second and/or third lenses 
includes a rear-fociis conversion lens. In one configuration, the third lenses include an ocular 
or ocular lens system for focusing the third radiation portion on the user's eye. 

* The relative positions (^certain optical elements can be adjusted to acc^ 
' user> For example, in one configuration ffie distance between the rear-focus conversion lens 

^id ocular is adjustable by tKe iiser/ In one configuration, the second dividing surface, 

.- t->o? • j^jg ~> ~ ' *e? \.-to! troops! aJ ;u*r.*$.> . 

secondlens(es), and third lensfcs} are movably disposed in the optical device for interocular 
adjustment (where the optical "device has two or more oculars). 

The optical device can be any device and/or medium that can acquire or capture an 
image. For example; the image acquisition device is typically an image orthicon tube, a CCD 
array; a CMOS array, any other method of recording an image electronically (whether analog 
or digital), and/or any method of recording photographically such as (cinema or camera) 
negative or positive" film. In one configuration, a plurality of image acquisition devices 
(typically two) are connected to the optical device to create a plurality of images of the 
object. The various "images can be" viewed by traditional techniques to perceive a three- 
dimensional image. By* preseriting'the two images in sequence, a video or film stream can 
be created. ' - r!} i "' 

The optical device can include other lenses or lens systems and/or other optical 
elements. In one configuration, the optical device includes a positive and/or negative 
meniscus positioned between the first lens and the first dividing surface. In one 
configuration, the optical device includes: 

(a) a third dividing surface for dividing the second radiation portion into third and 
fourth radiation segments, the third and fourth radiation segments following sixth and 
seventh optical paths, respectively, the sixth and seventh optical paths being transversely 
oriented; 

(b) one or more fourth* lenses for focusing the third radiation segment on a second 
imaging surface, the second imaging surface being a part of a second image acquisition 
device; and 
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(c) one or more fifth lenses for focusing the fourth radiation segment for viewing 
by the user. 

In this configuration, the use of two oculars, each passing differing portions of the image 
radiation, permits the user to view a three-dimensional image. 

The second dividing surface can be configured to activate or deactivate the image 
acquisition process. For example, the^secondHividmg surface in a first operational mode 
forms the first and second radiation segments and in a second operational mode does not 
form the first and second radiation segments. This can be realized by moving the second 
dividing surface into and out of the optical path of the image radiation. 

In another embodiment of the present ^ invention, the optical device includes:" 

(a) one or more first lenses to project radiation along a first optical path; 

(b) " at least a first encoder (typically positioned at or near an aperture stop or 
conjugate thereof)' for encoding the projected radiation into first and second radiation 
portions, the first arid second radiation portions having a different characteristic; 

(c) at least a first directing surface for directing the first and second radiation 
portions along second and third optical paths, respectively, the second optical path being 
transverse to the third op tical path; 

(d) one or more second lenses for focusing the first radiation portion on an 
imaging surface, the imaging surface being a part of an image acquisition device; and 

(e) one or more third lenses for focusing thef second radiation portion for viewing 
by a user. 

In another embodiment of the present invention, a method for acquiring a stereoscopic 
image of an object includes: 

(a) passing image radiation, containing image information relating to the object, 
through at least a first lens of an optical device; 

(b) separating the image radiation into first and second radiation portions, wherein 
at least one of the following is true: (i) the first and second radiation portions traverse 
different optical paths and (ii) - the first and second radiation portions have one or more 
differing characteristics; 

(c) directing at least a portion of the first radiation portion to an imaging surface 
of an imaging device connected to the optical device; and 
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(d) directing at least a portion of the second radiation portion to an ocular of the 
optical device for viewing by a user. The method can be employed with any of the optical 
devices described above as well as with a number of other, differently configured optical 
devices. 

Finally, yet another embodiment of the present invention is directed to an infinity or 

rear-focus conversion lens that is particularly useful with any of the optical devices set forth 

' ,r r : indoiSLioc ^: '-<-- " n : ... ; r 

above. The lens includes: 

(a) a macroscopic front Jens element that is able to collect light reflected by an 

.r*o::/-iL.'' t. A .:;n v . ^f»? lo (Hi':.; i). . ". ■ n. - 

object having a larger dimension than the diameter of the macroscopic first lens element; and 

(b) a rear lens element that has an at least substantially infinite focal length, 
whereby the light output by the rear len$. element is projected onto a point that is an at least 

substantially infinite distance from the rear lens element. As used herein, "macroscopic" 

. . -.n- ;r. u •< ■ ' • 'X • i ' "-■ 

refers to the reduction of the image , acquired to the size of the imaging surface. The 
macroscopic infinity lens not only permits an optical device using thelens to acquire images 
having a dimension greater than the infinity lens diameter but also can produce a high quality 
stereoscopic image due to decreased optical losses. The decreased optical losses or increased 
optical capture permits the macroscopic infinity lens to capture an image of a higher quality 
than a conventional microscopic infinity lenses. In one configuration, the optical device can 
bifurcate the infinity-focused light or signal using prisms, mirrors, polarizers, or signal 
dividers, such as those described above. 

The foregoing summary is neither complete nor exhaustive. As will be appreciated, 
the foregoing features can be combined or employed in a large number of other devices 

■ r_ ' • 

and/or methodologies. Examples of other devices and/or methodologies that could be 
modified using one or more of the above features include those described in U.S. Patent 
Application Serial No. 09/354,230, filed July 16, 1999; U.S. Patent Application entitled 
"Single-Lens Stereoscopic Light- Valves and Apparatuses", filed September 18, 2000, and 
having Attorney File No. 4446-6-CIP; and U.S. Provisional Patent Application entitled 
"Single-Lens Stereoscopic Infinity Microscope", to Costales, filed on November 3, 2000, all 
of which are incorporated herein by reference. Such other devices and/or methodologies are 
considered to be part of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view of an optical system according to a first embodiment of the 
present invention; 

Figs. 2 and 3 are plan views depicting different operational modes of a portion of an 
5 optical system according to a second embodiment; 

Fig. 4 is a plan view depicting a portion of an opticalsystem according to a third 
embodiment; 

Fig. 5 is a plan view depicting a portion of an optical system according to a fourth 
embodiment; 

1 0 Fig. 6 is a plan view of an optical system according to a fifth embodiment; 

Fig. 7 shows a simplified infinity lens; 
Fig. 8 shows a compound infinity lens; 

rig. 9 shows a genenc representation of an infinity lens; and 

Fig. 10 is preferred macroscopic infinity lens according to a sixth embodiment. 

1 5 DETAILED DESCRIPTION 

FIG. 1 shows diagrammatically and representationally the top view of a Telescope 
binocular with camera for stereoscopic viewing and image capture. Light is gathered by a 
telescope system of lenses to project the gathered image through either an eyepiece hole or 
a camera access hole. Both types of holes are represented by I. The principal ray of the 
20 system 11 shows that the light path is bisected by the reflectors or prism 3 causing 
approximately one half the light image to be reflected to the right and one half to be reflected 
to the left. The image light path, as indicated by lines 10 and 12, will either diverge as shown 
for the case of an eyepiece tube, or will converge as for the case of a camera access port. 
When the image diverges, a negative meniscus 2 is interposed ahead of the prism to 
25 columnate the light striking that prism. In the case of a camera access port, a positive 
meniscus is interposed ahead of the prism to columnate the light striking the prism. The 
resulting columnated image is split by the prism 3 into two image light paths, one directed 
to the right (upward on the page) and one directed to the left (downward on the page). 

Each image path subsequently strikes a beam-splitter 4A and 4B. The beam-splitter 
30 splits each image path, directing approximately one half the light to the rear and allowing the 
other half of the light to continue on its original path. The unaltered path passes through a 
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rear- focus conversion lens 5 A and 5B to be focused on an image plane 6A and 6B. The image 
plane 6 A and 6B is any imaging surface, including CCD devices, CMOS devices, camera 
film with shutter, cinema film with shutter, or any other imaging device existing now or to 
be invented in the future. 

The rearward image path passes rough a rear- focus conversion lens 7A and 7B where 
it is further imaged by an ocular or ocular lens system 8A and 8B to focus on a human eye 
9 A and 9B for real-time viewing. The distance between 7 A and 8 A and between 7B and 8B 
can be altered by the user to adjust the focus for each eye for comfortable viewing. 

The telescope lens system I can be any type or focal length lens. When the rear focal 
length of the lens becomes long enough, the meniscus 2 can be omitted because the telescope 
lens will then take on the properties of an infinite rear focus lens. Examples of lenses such 
as 1 include, but are not limited to: reflector telescope lenses, refractor telescope lenses, 
Schmidt-Cassegrain telescope lenses, telescopic periscope lenses, telephoto lenses, zoom 
telephoto lenses, long focal length surveillance lenses, and other optical classes of telescopic 
lenses. 

That we show a prism 3 is not intended to be limiting. Clearly image light can be split 
in a wide variety of ways, such as by using mirrors or other appropriate reflectors or 
refractors. Mirrors are preferred when lower cost is desirable. A prism or prisms are preferred 
when mechanical stability and optical quality are preferred. In general the position of the 
prism 3 is preferred to be in mechanical contact with the meniscus 2. When mechanical or 

- optical constraints interfere with this position, a position as close as possible to the meniscus 
is preferred. Typically, the meniscus is no more than about 15 mm and more typically no 
more than about 5 mm from the prism 3. 

The meniscus 2 can be positioned outside or inside the tube 1 . When it is inside, it 
must not be so far inside so as to eclipse light rays 10 or 12 after they are reflected from the 
prism 3. In general, the position of the meniscus 2 relative to the tube 1 will be dictated by 
the optical characteristics of the image projecting from the tube as indicated by the lines 10, 
11, and 12. . 

Interocular adjustment is effected by grouping together mechanically parts 4A, 5 A, 
6A, 7A, and 8 A, as indicted by 13 A, and by grouping together mechanically parts 4B, 5B, 
6B, 7B, and 8B, as indicated by 13B'. Then by moving, sliding or rotating 13A and 13B 

together and apart, the user can adjust the interocular distance for comfortable viewing. 
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That we show simple lenses is not to be taken as limiting. It is well known that lenses 
in actual practice, are composed of compound lenses that are achromatic with spherical 
aberration corrections to produce a sharp and clear image. This depiction as simple 
components is hot intended, however, to tie limiting because it is well known that more 
5 complex lens systems will produced superior image? Any quality of lens system may 
-nevertheless be employed in this invention and those skilled in the optic arts will be readily 
be able to employ lens systems of any desireif quaiity. 1 * " ^ 

Fig. 2 shows that the prism 4A and 4B of Fig. 1 can be replaced with a (full silvered) 
mirror 14 that can be moved into and out of position to allow video or left in place to allow 
1 0 live obular viewing. Fig. 2 shows the mirror 1*4 in position to reflect the image, as depicted 
with lilies 1 1 1* and 12', through the rear-focus conversion lens 7B, toward the oculars. This 
position sends at least most, and typically all, of tfie 2 image"to the eye 9B. In this position, the 
mirror blocks all or nearly all light from strildng the rear -focus conversion lens 5 B which 
means that little or none of the light is contacting imaging surface 6B. Accordingly, when 
15 the mirror 14 is in the position of Fig. 2, more light is passed to the ocular than to the rear- 
focus conversion lens 5B. 

The mirror 14 pivots on pivot 15 so that it can rotate out of the light path as shown 
in Fig. 3. Here, the image light, as depicted by lines 11 and 12 bypasses the rear-focus 
conversion lens 7B and instead strikes the rear-focus conversion lens 5B for image capture. 
20 In' this case, at least most, and typically all, of the light contacts imaging surface 6B and little 
or cme of die light contacts eye 9B. The same configuration can be used in place of beam 
splitter 4A. Accordingly, when the mirror is in the position of Fig. 3, more light is passed 
to the rear- focus conversion lens 5B than is passed to the ocular. 

That we depict the pivot 1 5 as being position on one end of the mirror 14 should not 

■* . ... • 

25 be taken as limiting. Clearly the mirror can pivot from either end and the choice of end will 
depend on the ultimate mechanical design of the invention. That the mirror pivots is not to 
be taken as limiting because mirrors can be moved into and out of position in a wide variety 
of mariners. The mirror 14 can flip up or down^ and slide into and out of position, and can 
have its reflectivity versus transmission characteristics changed electrically. No matter how 

30 the mirrors or reflective surfaces 14 are mechanically repositioned, all such variations shall 
still be considered a part of this invention. 
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That in Figs. 2-3 we show mirrors 14 that are planar reflectors is not intended to be 
...... : - - r "om sis . -• . - - » 

limiting because it is well known that reflecting surfaces can be constructed as non-planar 

surfaces that cai act as lensing or focusing elements. In Fig. 1 we introduce a rear-focus 

conversion lens 5 A, 5B, 7 A, and 7B. That the reflectors 14 can be formed as focusing 

/*- < T c zn^i *c- «-* .- T ^u .or.joua s* ii.v . °" 

elements to eliminate the rear T focus conversion lens is also not to be limiting. A reflecting 

. <- ... . .. "; v , * . V.-Li- J 2 - ryt r ..r . .j to 

surface to augment or eliminate the xear-fpcus conversion lens can be. utilized in this 

• . v J..5ifj; D'viitft - . " l * . ' r v. ;.i ». 

invention and those skilled in the optic .arts, will be readily able to employ non-planar 

;; :, " ' fi) nisi- ■•yoaiq^»c cica i .gs*--c -.^t ".P ^ * - - ; 1 ' - ' F 

reflectors or non-planar reflecting devices of any desired shape, quality, or construction. 

FIG. 4 shows in exploded side view that an image signal encoding filter 1 6 can place 

the prism 3 of FIG. 1. The image signal encoding, filter 16 must follow the ocular port or 

camera port 1 and the meniscus 2 just as did prism 3. 

An image signal encoding filter can be constructed using any of a wide range of 

previously disclosed methods. Among those methods are: The preferred filter as shown in 

FIG. 5, is constructed from a leading .plane polarizer 28 which covers approximately J;he 

5 whole area of the light path, followed by a half-wave retarder 29 which occupies 

approximately one-half the image path; or as shown in FIG. 4, the image signal encoding 

filter 16 can be constructed from a plane polarizer 17 oriented one direction and a second 

plane polarizer 1 8 oriented approximately orthogonally opposite; or as shown in FIG. 4, the 

image signal encoding filter 16 can be constructed from a circular polarizer 17 of one 

handedness and a second circular polarizer 18 of the opposite handedness; or as, shown in 

FIG. 4, the image signal encoding filter 16 can be constructed from an absorptive colored 

filter 17 of one color and a second absorptive colored filter 18 of a different color; or as 

shown in FIG. 4, the image signal encoding filter .16 can be constructed from a dichroic 

colored filter 17 of one color and a second dichroic colored filter 18 of a different cojor; or 

as shown in FIG. 4, the image signal encoding filter 16 can be constructed from an LC, 

electronic, or mechanical shutter 17 that allows and disallows light to pass at intervals and 

a second LC, electronic, or mechanical shutter 18 that allows and disallows light to passat 

intervals opposite to the intervals of the first shutter 17; or an image signal encoding filter 

where part 1 7 is constructed using one of these methods, and part 1 8 is constructed using a. 1 

different of these methods. 

FIG. 6 shows that a different arrangement of components is required when an image 

signal encoding filter 16 is used in place of the prism 3. The image signal encoding filter 16 
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is followed by a rear focus conversion lens 1 9 to minimize the amount of light path that must 
be traversed in a coluriinated form. Subsequent in the light path to the rear focus conversion 
lens 19, is a beam-splitter 20. This beam-splitter redirects about one haif of the total light 
image 10 to the nght (upward in the illustration) and allows the other half . of the total light 



5 image 12 to pass through^ without diversion^ Analyzing "filters 21 and 22 follow the 
beam-splitter 20 m the light path. The "analysing filter 21 only allows the light image from 
side 1 7 of the image signal encoding filter 1 6 to pass through it, and blocks most or all of the 
light form side 1 8 of the image 'signal encoding filter 1 6. The analyzing filter 22 only allows 
the light image from side T8 of the image signal' encoding filter 16 to pass through it, and 

1 0 blocks most or all of the light from side 1 7 of the image^signal encoding filter 1 6. Thus, the 

, . . • . • • . . j ;or zf>\r... •-.■:> ■ " 

polarizing orientations of analyzing filters 21, 22 are different and typically orthogonal for 

, - '■: . ',.-">iinoo ~.o b-.;:';C: 'j'.h 

plane polarizing filters or opposite for circular polarizing filters. 

.:. - . . •■ .>-•.. -li.-'e a ,.. '•>' 3 .:.vr-vr- o- 

Subsequent in the light path to the analyzing filters is a standard arrangement, of 

beam-splitters and mirrors for binocular viewing. On the right side (top in the illustration) 
15 about one half the image signal information from image signal encoding filter's 16 side 18 
is allowed to pass through to an image plane 24A, and the other half of the image signal 
information from image signal encoding filter's 16 side 1 8 is diverted toward the rear of the 
device (right in the illustration) to an ocular lensing system 26A that projects the image to 
eye 9A. ' * ^ * ' " ' ' ' ' ' ' 

20 On the left side (bottom in the illustration) one half the image light from the analyzing 

filter 2 1 passes through a beam-splitter 236 where is subsequently focuses on an image plane 
24B. The other half of the image light from analyzing filter 21 is~ diverted first by the 
beam-splitter 23B arid subsequently by the mirror 25 to an ocular lensin* system 26B that 
projects the image to eye 9B. The image planes 24A and 24B is any imaging surface, 
25 including CCD devices, CMOS devices, camera film with shutter, cinema film with shutter, 
or any other imaging device existing now or to be invented in the future. 

That we illustrate a common beam-splitter airangement is not to be taken as limiting 
clearly two views of a common image stream can be created in a number of ways for 
binocular viewing. A Seidentopf arrangement is 6ne common alternative. The replacement, 
30 of beam-splitter prisms with" lial'f silvered mirrors is another common alternative. The 
differentiation of 6ne polarizing state from another can also be done with polarizing 
beam-splitters. Clearly many modifications of our base design can be made without altering 
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the ^^y^g'Mc^^t^^.a 3p.vie^ simultaneously for both human eyes and 
image caphire: and any such modifications or minor improvements shall still remain a part 
-or this invention. 



Fig. '6 also shows one possible grouping ^of elements. Qn the right side (top in the 
> iIlu ^°^ joined: On the left side 

• ' (bottom in the ^stration) parts 25 and26B are mechanically and.optically joined. For both, 
"' the human eye^e^ ^d^ar? in^i because it is the positjon of the eyes that drives 
• th6 ! dI !? 0 ^ By moving groupings 27 A and 27B apart 

and 'together the invention allows the user to adjust for interocular distances _ . 

- That we show simple lenses is not to be taken aslimiting. It is well known that lenses, 
•in actual practice, are ^^f^of^compound lenses that are. achromatic with spherical 
aberration ^corrections to ^^eV^/^ dear..^ Tfri.s depiction as simple 

^"Slf^^^ h ?.^?" t0 - ^M^ g because it is well known that more 
complex lens systems will produce a superior image. Any quality of lens system may 
nevertheless be employed in this invention and those skilled in the optic arts will be readily 
be ab I e to employ lens systems of any desired quality. 

Fig. 2 shows that the prism 23 A and 23B of FIG. 6 can be replaced with a mirror 1 4 
that can be moved into and out of position. FIG. 2 shows the mirror 14 in position to reflect 
the image, as depicted with lines 11 and 12, toward the oculars. This position sends the full 
light of the image to the eyes. In this position, the mirror blocks all . or nearly all of the light 
from striking the image plane. 

The mirror 14 pivots on pivot 15 so that it can rotate out of the light path as shown 
in FIG. 3. Here, the image light, as depicted by lines 1 1 and 12, strikes the image plane. . 

That we depict the pivot 15 as being positioned and one end of the. mirror 14 should 
not be taken as limiting. Clearly the mirror can pivot from either end.and the choice of end 
will depend on the ultimate mechanical design of the invention. That the mirror pivots is not 
to be taken as limiting because mirrors can be moved into and out of position in a wide 
variety of manners. The mirror 1 4 can flip up or down, and slide into and out of position, and 
can have its reflectivity versus transmission characteristics, changed electrically. No matter., 
how the mirrors or reflective surfaces 14 are mechanically repositioned, alLsuch variations 
shall still be considered a part of this invention. 
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A number of configurations of infinity lenses can be employed in the various optical 

devices described above. Fig. 7 shows diagrammatically and representationally how such 

• ■: - ~ . " ~ v; r l *.\2 -*" s Oi- r i!: ,v -A :: ~ ' 

infinity lenses work. An object point 600 in the object plane 1 00 is imaged by hypothetical 

* ' ' '■ - • - ■/ .... -■ ■.- l 7,: s :C'.^i v / 

lens 300. The light rays 200 are gathered from the object point 600 by lens 3Q0 and are 

5 projected by light rays 500 onto a point infinitely distant (which cannot be shown because 

of the limitations of paper). When the hypothetical lens 300. is perpendicular to the principal 

ray (the main axis of light) 700 through the lens system, and when the object point 600 is on 

the principal ray, the output rays 500 are parallel to the principal ray. 

Fig. 8 shows that the hypothetical lens 300 of Fig. 7 can be constructed of multiple 

1 0 lenses or lens elements 400 with coatings to help the lens assembly correct for chromatic and 

spherical aberrations, Fig. 9 shows a hypothetical lens 900 that represents a wide range of 

infinity lenses. 

Fig. 1 0 depicts a macroscopic infinity lens that is particularly useful as the rear-focus 
conversions lens(es) in the devices described above. Fig. 1 0 shows the preferred embodiment 
1 5 of a macroscopic infinity lens 900. First in the light path is a positive lens 28 of suitable front 
and rear focal distances to capture a real-world image upon a smaller imaging surface. 
Preferably, the front focal distance is at least the diameter of the positive lens. More 
preferably, the front focal distance is at least ten times the lens diameter. Following the 
positive lens 28 in the light stream is negative lens 29. Use of a negative lens causes the light 
20 image that would have been focused on the image plane to be instead to be focused on an 
image plane that is infinitely distant. Preferably, the rear focal distance of the front positive 
lens and the rear focal distance of the negative lens are selected such that the combined rear 
focal distance is at least substantially infinite. 

That we show two lenses is not to be taken as limiting. In actual practice, lenses can 
25 be more or less complex than is shown. Multiple elements can be used for each of the 
positive and negative lenses to increase light transmission and resolution. Coatings can be 
added to each of the positive and negative lenses to suppress unwanted frequencies, and to 
suppress internal reflections. Any such improvements on this basic lens shall still be 
considered a part of this invention. 
}0 That we show a few arrangements of lens elements is not intended to be limiting, 

however, because in actual practice such lens systems are composed of compound lenses or 
multiple lens elements that are achromatic with spherical aberration corrections to product 
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a sharp and clear image.' This depiction as simple lenses is not intended to be limiting 
because it is well known that more complex lenses will produce a superior image. Any 
quality of lens may nevertheless be employed in this invention and those skilled in the optic 

arts will be readily able to employ lenses of any desired quality. 

?, i ~ r Z3 \r~ • .... ~ in. " ' ■ - - 

While various embodiments of the present invention have been described in detail, 

it is apparent that further modifications and adaptations of the invention will occur to those 

skilled in the art. However, it is to be expressly understood that such modifications and 

adaptations are within the spirit and scope of the present invention. 
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What is claimed is : 

1 . An optical device, comprising: 

one or more first lenses to project radiation along a first optical path; 

;:'-;' !.,::_■,; 

at least a first dividing surface for dividing the projected radiation into first and 
second radiation portions; 

at least a second dividing surface for dividing the first radiation portion into first and 
second radiation segments; 

one or more second lenses for focusing the first radiation segment on an imaging 

- m ■- ... . . ».jr;.u *'r zokr*-' rJ'*: r -'o- -\ ... 

surface, the imaging surface being a part of an image acquisition device; and 

one or more third lenses for focusing the second radiation segment for viewing by a 

user, whereby the user can view the image being acquired by the image acquisition device 

during acquisition thereof. 

2. The optical device of Claim 1, wherein the first dividing surface is one or 
more of a reflective surface, a refractive surface, or an encoder that causes each of the first 
and second radiation portions to have a different characteristic. 

3. The optical device of Claim 1, wherein the first optical path is transverse to 
the second and third optical paths. 

4. The optical device of Claim 1, further comprising a meniscus positioned 
between the one or more first lenses and the first dividing surface. 

5. The optical device of Claim 4, wherein the meniscus is a negative meniscus. 

6. The optical device of Claim 1, wherein the second dividing surface is one or 
more of a beam splitter, prism, and mirror. 

7. The optical device of Claim 1, wherein the one or more second lenses include 
a rear- focus conversion lens. 

8. The optical device of Claim 1, wherein the image acquisition device is one 
or more of a CCD device, a CMOS device, film and image orthicon tube. 

9. The optical device of Claim 1, wherein the one or more third lenses include 
a rear- focus conversion lens and an ocular. 

10. The optical device of Claim 9, wherein the distance between the rear-focus 
conversion lens and ocular is adjustable by the user. 
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1 1. The optical device of Claim 1, wherein the second dividing surface, one or 
more second lenses, and one or more third lenses are movably disposed in the optica] device 
for interocular adjustment. 

12. The optical device of Claim 1, further comprising: 

a third dividing surface for dividing the second radiation portion into third and fourth 
radiation segments, the third and fourth radiation segments following sixth and seventh 
optical paths, respectively, the sixth and seventh optical paths being transversely oriented; 

one or more fourth lenses for focusing the third radiation segment on a second 
imaging surface, the second imaging surface being a part of a second image acquisition 
device; and 

one or more fifth lenses for focusing the fourth radiation segnient for viewing by the 

user. 

i 3. The optical device of Claim 1 , wherein the second dividing surface in a first 
operational mode forms the first and second radiation segments and in a second operational 
mode does not form the first and second radiation segments. 

1 4. The optical device of Claim 1 , wherein the first and second radiation portions 
follow second and third optical paths, respectively, the second and third optical paths being 
in different locations and wherein the first and second radiation segments follow fourth and 
fifth optical paths, respectively, the fourth and fifth optical paths being transversely oriented. 

1 5. The optical device of Claim 1 , wherein the first dividing surface is an encoder 
. - ■ . .... .{..".. v; - i 1 ; f • 

that includes at least two plane polarizers having differing polarization orientations, at least 

two circular polarizers having differing handedness, at least two color filters passing differing 
"wavelength bands, at least two shutters passing radiation at differing intervals, and a retarder 
or other filter covering only a portion of the first optical path. 

1 6. The optical device of Claim 1 5, further comprising first and second analyzing 
filters positioned in a second optical path traversed by the first radiation segment and a third 
optical path traversed by the second radiation segment. 

17. An optical device, comprising: 

one or more first lenses to project radiation along a first optical path; 
at least a first encoder for encoding the projected radiation into first and second 
radiation portions, the first and second radiation portions having a different characteristic; 
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at least a first directing surface for directing the first and second radiation portions 
along second and third optical pajJis, respectively, the second: o_ptical:path being transverse 
to the third optical path; c : v ; /; ; : * . 3 -^- v ; f ; •? .jn 

one or more second lenses for focusing the first radiation portion' on an imaging 
5 surface, the imaging surface being a part of an image acquisition device;, and 

one or more third lenses for focusing the'second radiation portion for viewing by a 
user, whereby the user can view the image being acquired by the image acquisition device 
during acquisition thereof . ;n ^hocj^:,:^ •jv.:-*- 

18. Theoptical device of Claim, 17 v wjh.ereintthe:first!and second radiation portions 
1 - ? ol }%* MP&WO&optical path between the firetfenpoder,an<i the. first directing surface. 

19. The optical device of Claim 18, wherein the ^optical path between the first 
encoder and. th^ .first directing surface is transverse : tcf at least one of the first and second 
optica] paths. . t ,. VC :r:r: !*;': - . ' : i 

20. The optical device of Claim 1 7, t further comprising a meniscus positioned 
15 between before the first encoder. 

2 1 • , The optical device of Claim 1 7, wherein the directing surface is one or more 
of a beam splitter, a mirror or another reflecting surface arid a prism. ... 
- 22 - The optical device of Claim 17, further comprising a rearr focus conversion 
■ lens , P ositioned between the first encoder and the directing surface. ., _ ; 

-° 23 • The optical device of Claim 1 7, wherein the image acquisition device is one 

or more of a CCD device, a CMOS device, film, and image orthicon tube. 

24. The optical device of Claim 17, wherein the first encoder includes at least two 
, plane polarizers having differing polarisation orientations, at least two circular polarizers 

having differing handedness, at least two color filters passing differing wavelength bands, 
5 at least two shutters passing radiation at differing intervals, and a retarder covering only a 
portion of the first optical path. 

25. The optical device of Claim 17, further comprising first and second analyzing 
filters positioned in the first and second optical paths,: respectively: 

26. The optical device of Claim 1 7, further comprising a second directing surface 
for directing a first segment of % first radiation portion to the imaging surface and a second 
segment of the first radiation portion to an ocular and a third: directing surface for directing 
a first segment of the second radiation portion to a second ocular. 
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. 27.: . vA method for acquiring a stereoscopic image of an object, comprising: 
. :. : r.(ai: ;::.:*piatssin^ihiageradiatiob,'containin 
through at least a first lens of an optical device; 

- (b);xOi: -separating the image radiation into firstand second ra:diation portions, wherein 
at least one. of^the following is ttue: '(i) the first and second radiation portions traverse 
different lopticah.paths ahd^(ii)-th^fiist : and ? -second radiation portions have one or more 
-differing characteristics; "j ! .vr.?>"' :r. z"' v* t:-- 

(c) directing at least a portion of the first radiation portion to an imaging surface 
r: of ^ imaging:d^ 

(d) ; r directing at least^p^tti^dfthe second radiation portion to an ocular of the' 
•": optical .device for viewing byjaTOtarf^ *2 f -n^i r . ~ 

of.- Irii 28. "* «. The method- of Oaw27; Wherein the first lens is a meriiscusr * 

29. The method of Claim 27, wherein the separating step includes contacting the 
• image radiation with at feast Norie< of Ihd following: a beam splitter, a prism, a reflective 

surface, a shutter, and an encoder, 
•v..- r 30. The method of Claim29 r , wherein the encoder is ait least one of the following: 
at least two plane polarizers having differing polarization orientations, at least two circular 
polarizers having differing handedness^, at least two color filters passing differing wavelength 
bands, at least two shutters-passing* radiation at differing intervals, and a retarder or other 
. filter covering only. a portion-of the first' optical path.- ' 

3 1 . The method of Claim ; 27,*wherein in directing step (c) the at least a portion 
. of the first radiation portion is -passed through a rear-focus conversion lens. 

. • ■ .32. . The method of Claim 27; wherein in directing step (d) the at least a portion 
of the second radiation portion is~passed through a fear- focus conversion lens. 
. . .33. :The method of Claim 27, : further comprising: 

(e) directing another portion of the first radiation portion to another ocular for 
viewing by the user; and < - x - ■ ~ - * 

(f) directing another portion of the second radiation portion to an imaging surface 
of another imaging device. • - 

34. The method of Claim 27, further cbmprisihgr J : ' " 
. .(e) directing another portion of the first radiation portion to another ocular for 
viewing by the user. - : • ' ' ' 
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